Objective: Postoperative myocardial infarction remains a serious complication in cardiac surgery. The incidence and impact of this condition in acute type A aortic dissection are poorly understood.
Perspective
This study from the IRAD database demonstrates the risk factors for POMI after repair of type A dissection, namely, aortic root dissection, increased root diameter on presentation, and requirement for root operation, coronary artery bypass grafting, or AVR at the time of dissection repair. POMI is associated with end-organ complications, such as mesenteric ischemia and renal failure.
See Editorial Commentary page 528. Acute type A aortic dissection is a catastrophe, and medical management is associated with high mortality. 1,2 Urgent surgical management is indicated in patients with type A dissection. It is well known that myocardial infarction (MI) can be a presenting feature of type A dissection. However, postoperative myocardial infarction (POMI), defined as a new-onset MI after operative intervention for type A dissection (no MI on presentation), is poorly understood. Numerous trials have demonstrated that elevation of cardiac enzymes after cardiac surgery is predictive of mortality, although the risk factors for such elevation have remained poorly defined. 3, 4 POMI has been best studied after coronary artery bypass grafting operations, and risk factors include preoperative intra-aortic balloon pump, cardiopulmonary bypass time, number of distal anastomoses, and on-pump versus off-pump approach. 5, 6 However, which patients with a type A dissection are at risk for POMI and the impact of POMI on morbidity and mortality of type A dissection have not been well delineated. We analyzed data from the International Registry of Acute Aortic Dissection (IRAD) to define the incidence, risk factors, and impact of POMI on mortality and survival of type A dissection.
MATERIALS AND METHODS Registry Design
The IRAD is composed of 40 high-volume aortic centers in 11 countries, collecting comprehensive data on the presentation and treatment of patients with aortic dissection. Participating centers report consecutive cases of acute dissection to the IRAD Coordinating Center at the University of Michigan, which performs internal checks for validity. The institutional review boards at each center have approved data collection. Further details of the registry have been published. 2 
Study Design
Patients presenting with acute type A aortic dissection to an IRAD center who underwent operative management of a noniatrogenic type A aortic dissection formed the study cohort. Those with new POMI were compared with those without POMI. Exclusion criteria for this study were iatrogenic type A dissection and preoperative MI whether old or new, defined by old or new Q waves, new ST elevation, or elevated levels of biomarkers for MI. Patients with old MI were excluded from analysis because of the presence of a past MI as a potential confounder in the analysis. Patients who did not have preoperative electrocardiogram (EKG) information available were excluded, adding to the total number of excluded patients. A flowchart of patients included in this study is provided in Figure 1 .
POMI was diagnosed with EKG, echocardiographic, or laboratory abnormalities. Patients who had POMI were found to have new Q waves that are 0.03 seconds in width, one third or more of the QRS complex in 2 or more contiguous leads, or ST elevation more than 1.0 mm in earlyphase or new Q-wave or new left bundle branch block. Echocardiographic definition was any new persistent wall motion abnormality or evidence of complications of MI, such as myocardial free wall rupture, acute ventricular septal defect, and mitral regurgitation secondary to papillary muscle rupture or ischemia. Laboratory diagnosis was made with creatine kinase-MB 5 times or more the upper limit of normal, or cardiac troponin values 10 times higher than 99% of the upper reference limit.
The primary outcome measure was in-hospital mortality. Secondary outcome measures included early morbidity and 5-year survival. Furthermore, univariate and multivariate risk factors for POMI were ascertained.
Patient Selection
From January 1996 to October 2013, a total of 2953 acute type A dissections were entered into the IRAD database, and of these, 1445 patients (48.9%) presented with acute type A aortic dissection and met the entry criteria for this analysis. Type A dissection was defined according to the Stanford classification. 7 A total of 38 of these patients had POMI, and 1407 patients did not have POMI. Scanning this QR code will take you to the article title page. 
Data Collection
Forms for individual patients were completed by the treating surgeon. Hemodynamics at surgery refer to the beginning of the operation and were completed by the operating surgeon, allowing the surgeon to note whether the patient was hypotensive at the time of operation. Operation types may overlap. For instance, patients listed as having aortic valve replacement also can be listed as having undergone root replacement, should this have been required.
Variable Definitions
Hypotension/shock at the time of surgery is defined in the IRAD database as follows: systolic blood pressure less than 90 mm Hg; use of intravenous inotropes, vasoactive medications, or mechanical support; cardiac index less than 1.8 L/min/m 2 ; and patient in a state of compensated shock as evidence by decreased peripheral pulses, decreased capillary refill and cool skin temperature, or pH less than 7.2 or lactate greater than 4 mmol/L. Hypotension in the postoperative period is defined in the IRAD intake form as indicating whether the systolic blood pressure decreased to less than 90 mm Hg from an earlier higher recording.
Coronary artery compromise is defined in the IRAD database as proximal coronary narrowing as a result of dissection, due to occlusion of the ostia by the intimal flap, regardless of the type of imaging modality used.
Prior aortic dissection is defined as any history of an aortic dissection regardless of type or management. This encompasses patients with medically managed type B dissections, but also includes patients who underwent intervention for any type of dissection. Patients who specifically underwent surgery for an aneurysm or dissection are separately identified in the IRAD database.
Statistical Analysis
Univariate analysis compared patients with surgically managed type A aortic dissection with and without POMI. Categoric variables were compared using chi-square analysis or Fisher exact test where appropriate. Continuous variables were analyzed with 2-sample t tests or Wilcoxon rank-sum tests. Variables with P less than .20 in the univariate analysis were subsequently entered in the multivariate analysis, described next. All variables were checked for proportionality with standard plots of cumulative hazard versus time and log minus log versus time. Multiple logistic regression analysis was performed to create an in-hospital mortality model and evaluate independent risk factors. A Cox proportional hazards regression analysis was performed to create a 5-year mortality model. Kaplan-Meier analysis generated 5-year survival curves, and the log-rank test was used to compare survival between groups. All statistics were performed with SPSS version 20 (IBM Corporation, Armonk, NY).
RESULTS
A total of 2953 patients with acute type A dissection were identified, and 51% were excluded for iatrogenic Tables 3 and 4 . Hypotension or shock during surgery was associated with a higher incidence of POMI. Root replacement was associated with an increased risk of POMI (4.4% vs 1.9% in patients not undergoing root replacement). Coronary artery bypass grafting was associated with an increased risk of POMI (9.6% vs 2.1% in patients not undergoing coronary artery bypass grafting). Aortic valve replacement was associated with an increased risk of POMI (4.4% vs 2.1% in patients not undergoing aortic valve replacement). Longer circulatory arrest times were more frequent in patients with POMI, with a mean time of 60 minutes in those with POMI versus 38 minutes in those without POMI (P ¼ .024).
In-hospital outcomes are shown in Table 5 . Patients with POMI had a higher rate of coma than patients without POMI (17.1% vs 2.7%), as well as higher rates of mesenteric ischemia or infarction (13.2% vs 2.3%), acute renal failure (34.2% vs 16.6%), and postoperative hypotension (23.7% vs 8.4%). In-hospital mortality was significantly higher in patients with POMI compared with those without POMI (57.9% vs 16.3%; P <.001).
Variables influencing mortality in type A dissection were examined in univariate analysis ( Table 6 ). Next multivariate analysis was performed. Year of dissection was examined as a variable, dividing patients into 3 time groups: January 1996 to December 2001, January 2002 to December 2007, and January 2008 to December 2012. Presenting in the latest time period was inversely associated with in-hospital mortality, even after adjusting for POMI (Table 7) . Other variables that proved significant in multivariable analysis included age and initial presentation with syncope (Table 7) .
Intermediate-term survival by Kaplan-Meier analysis with confidence limits is shown in Figure 2 . Log-rank analysis revealed a significant reduction in the survival of patients with POMI compared with those without POMI (P ¼ .007). Freedom from reoperation did not differ between those with POMI and those without POMI (P ¼ .75).
DISCUSSION
MI may be a presenting feature of acute type A aortic dissection. With aortic dissection, the intimal flap may propagate into the coronary arteries, causing MI. 8, 9 Preoperative MI occurs in 1% to 7% of all patients presenting with type A aortic dissection. 9 MI was seen in 5% of patients in a study from the IRAD database. 10 It has also been reported that preoperative MI is a risk factor for mortality in type A dissection. 11, 12 For example, Chirillo and colleagues conducted a retrospective review of 290 patients with acute type A aortic dissection and found that preoperative MI was a significant predictor of operative mortality. 12 However, less is known about patients who develop a new POMI after repair of acute type A aortic dissection. A previous report from the IRAD database suggested that myocardial ischemia may be a risk factor for mortality in type A dissection, 13 but this report grouped together patients with preoperative MI and POMI. We sought to define outcomes after POMI in patients undergoing surgical repair for acute type A dissection and to identify preoperative risk factors for this complication. In this large cohort of patients from the IRAD database, we demonstrated that new POMI is associated with a significantly increased mortality rate, with 57.9% of patients experiencing in-hospital mortality compared with 16.3% of patients who did not develop a POMI.
As one would expect, the extent of operative repair for acute type A aortic dissection is associated with POMI. Patients requiring root replacement and thereby coronary reimplantation, coronary artery bypass grafting, or aortic valve replacement are at higher risk for POMI. Preoperative imaging revealing more proximal aortic involvement also identifies a cohort of patients with increased risk for POMI. Dissection within the aortic root conferred increased risk, with a greater fraction of patients with POMI having dissection in the aortic root (sinuses of Valsalva) on preoperative imaging. Few patients underwent preoperative angiography, and proximal aortic involvement including coronary involvement was detected largely by computed tomography angiography. Aortic annulus, aortic root, and sinotubular junction diameters were greater in patients with POMI, and these patients were more likely to have a pericardial effusion and coronary artery compromise on preoperative imaging. Larger aortic diameters signify preexisting aneurysmal dilatation of aortic root or annuloaortic ectasia. These patients typically will require more extensive ''proximal operation,'' such as Bentall, David, Yacoub, or Cabrol operations.
14,15 These 4 procedures include left and right coronary implantation, thereby having higher risk for coronary mishaps causing POMI compared with patients undergoing supracoronary Dacron graft implantation or a Wheat operation. 16 Of note, the presence of a bicuspid aortic valve also was found to be a risk factor for MI. Bicuspid aortic valve has been associated with an increased ratio of proximal aortic aneurysm and aortic dissection. 17, 18 Therefore, patients with bicuspid aortic valve and acute type A dissection will often require a root replacement similar to patients with bicuspid aortic valve who require elective root replacement for root aneurysm 19, 20 and will be at higher risk for POMI for the aforementioned reasons.
The current study expands on a previous report from the IRAD database examining the effect of root replacement versus conservative root management in type A dissection. 21 That study demonstrated that patients undergoing root replacement were younger, presented with larger root diameter, and were more likely to have bicuspid valves, Marfan syndrome, or aortic insufficiency. Root replacement did not increase hospital mortality, although there was an increased incidence of POMI in the group undergoing root replacement. That report was not designed to examine outcomes in the relatively small subset of patients having a POMI. It also did not examine all patients with POMI after repair of a type A dissection, regardless of whether a root replacement was performed or not. The present study looks specifically at patients with POMI and demonstrates that POMI, regardless of extent of aortic replacement, is a marker for adverse outcomes. It is noteworthy that patients with POMI had longer circulatory arrest times, but approximately the same percentage underwent hemiarch or total arch replacement. Although it may be that longer circulatory arrest time contributed to less optimal myocardial protection in this group, other factors such as root replacement and proximal aortic size still emerge as risk factors for POMI in multivariate analysis.
POMI was associated with increased end-organ complications, including coma, mesenteric ischemia, and acute renal failure. Whether these complications are the result of POMI and low-cardiac output remains to be clarified by future studies. In particular, whether such complications arise as a result of a malperfusion syndrome, rather than due to POMI, remains an area for future study. Finally, patients who do survive to discharge after a POMI have a lower rate of 5-year survival, although reoperation rates are similar.
Study Limitations
There are several limitations to this study. First, the data are collected both retrospectively and prospectively, and the potential exists for reporting bias. Second, the data from the IRAD are limited on details about timing of the POMIs, and not all patients had data reported for all variables. In particular, it is possible that some preoperative MIs were missed because of the urgency of operative management. Third, the classic difficulty in distinguishing poor myocardial protection from POMI remains, and we have chosen to use common cutoffs in the literature for creatine kinase-MB and troponin thresholds. Fourth, the specific reasons for a patient undergoing coronary artery bypass grafting in addition to type A dissection repair are not captured by the current database. Although we speculate that these patients had coronary artery compromise by dissection or known significant ungrafted coronary disease, this is not specifically coded as an entry variable in the current database. Finally, the limited number of patients remaining in the POMI group past 1 year makes it difficult to draw firm conclusions regarding intermediate-term risk in this cohort of patients. Despite these limitations, this study provides unique information from a large international and multicenter registry.
CONCLUSIONS
Future studies will help to further elucidate the cause of POMI. In particular, POMI may be a correlate of extensive dissection and unrelated to prior coronary artery disease. Next, the optimal management of POMI remains to be elucidated. Whether patients with POMI have reduced cardiac output and whether this can be modified to improve outcomes are topics for future research. Finally, whether the operative intervention can be modified to reduce the risk of POMI in patients with proximal dissection remains uncertain.
